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CATALYSTS PREPARED FROM TETRAKIS(OIALKYLAMIOE OR DIARYIAMIDE, DERIVATIVES OF TITANIUM 

AND POLYMERIZATION OF OLEFINS THEREWITH TITANIUM 



The present invention pertains to supported catalysts containing tetrakis (dialkvlamide or diarviamMo* 
denvatives of titanium, zirconium and hafnium useful for polymerizing olefins ° r d,af y ,am ' de > 

The use of some tetrakis(dialkylamide or diarylamide) derivatives of titanii.m in -r , k, ^ 
catalyzed potymerizatJon of olefins is known. TlJ?po££E towtHate L^JSEX? 
at tow temperatures up to about 150'C. it would be **£ to ^c^l^Z^T^Z 
temperatures so as to be useful in the solution polymerization of olefins ^e present invent™ 22E 
cat^yst compositions which are usefu. for the po.ymerization of olefins mtSSTS SgTtemper^e 
under either slurry or solution polymerization conditions and also provides catalyst ' SnSSS^Z 
produang polymers of narrow or broad molecular weight distributions, depending on £ £ZS<£ 

tonSS^ZZS" T ant39e ° f *" Cata,yStS ° f *° present invention'over 12 
the production o h.gh surface area supported catalysts without the use of energy intensive ball I milKno 

SXttf r PP T ed "^ons. Another advantage Is a reduction InTe number ?L£ 
required to produce effiaent catalysts as required in the prior art employing tetrakls(dimeth y aminoSne 
solutions in catalyst compositions. Another advantage is the preparation of high efficienc * Sv^SSl 
fons wh,ch eliminates the need to remove catalyst residues from the resin pmduS ' 

m «,„n if a c°» d Kf SPeC il the inV6n,i0n iS 3 su PP orted cata Vst which comprises the product resulting from 
mixing in a suitable inert diluent or solvent the following components A. B, and C: 

20 (A) an inorganic support; 

(8) a metal-containing reducing agent; and 

ia- », , (P> v! l transrtion metal compound selected from the group consisting of a titanium tetrakis- 
(dialkylam.de) or titanium tetrakis(diarylamide) or a combination thereof- 

the components are employed In quantities which provide an atomic ratio of MsTm of from 2-1 to in-i- „„ 

of onVoTn^r^nf r^ 9 ^ *• ' nVenfi0n iS 3 PrOC6SS f0r P«*m«Wng one or more c-olefins or a mixture 
IZZTrTrTl Z and .° ne ° r m ° re P**™*z** ethylenically unsaturated monomers which p™ 
comprises conducting the polymerization under solution conditions in the presence of 

(I) a supported catalyst of the invention; and 

(II) a cocatalyst or activator compound. 
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The transition metal tetrakis(dialkyt- or diarylamides) are commercially available or thsv «,« 
a* prepared by reacting a dialkyl- or diaryiamine such as those wherein the S groups htve ,rom LTl to 
ITZTZ^ Rth fl iUm COmp ° und such 35 "^.lithium in a Jl£?^^2^ 

Suitable titanium tetrakisfdialkylamides or diarylamides) which can be omninunn h.«i , < 

so having 6 carbon atoms, or an alky, substituted aryl group ZL ^ 7 to ^ 

? . V 5 CartWn at ° mS - Particulart y Citable titanium tetrakis(dialkylamides or dia 

\T? titaniUm • BWd * in -*y^ >■ ^um tetrakis(dibenzylamW 7*2m ZJZ 
(d,emy.am,de, ( titanium t trakis(dipheny.amide,. titanium ,e.rakis(di-n- ropylamide, L ^ Z££t 
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propylamide), titanium tetrakis(di-i-butyiamide), titanium bis(diethylamid8) bls(dimethylamide), titanium (di-i- 
propylamlde) tris(dimethylamide) and any oth r combinations of alkyl- or arylamide groups limit d only by 
the steric properties of the complex. 

in addition to th titanium tBtrakis(dlalkyiamid s or diarylamides) which ar employed herein as the 
transition metal component of the catalyst the transition metal component of th catalyst may also contain 
zirconium and/or hafnium tetrakis(dialkylamides or diarylamides). When these zirconium and/or hafnium 
components are employed, they are employed in quantities which provide an atomic ratio of (Zr + Hf):(TI 
+ Zr + Hf) of suitably from about >0:1 to about 0.9:1, more suitably from about >0:1 to about 0.8:1, more 
suitably from about >0:1 to about 0.7:1 . 

The hafnium and zirconium compounds are not employed alone because the efficiency of the resultant 
catalyst is too low to be practically feasible. When the catalyst contains either hafnium or zirconium tetrakis- 
(dlalkylamides or diarylamides) in addition to the titanium tetrakis(dialkylamides or diarylamides), the melt 
index, molecular weight distribution, and density of the resultant polymer Is altered. Also, the hydrogen 
reactivity of the catalyst is altered. These altered polymer properties are considered to be altered when 
compared to the properties obtained when the tetrakis(dialkyl- or diarylamides) are employed alone i.e. 
without any zirconium or hafnium compounds being present. 

Suitable zirconium and hafnium tetrakis(dlalkylamides or diarylamides) which can be employed herein, 
include, for. example, those represented by the following formula Tm(NR2>4 wherein Tm is zirconium or 
hafnium and Rz is independently an alkyl group, a phenyl group, an alkyl benzyl group wherein each alkyl 
group has from 1 to about 4 carbon atoms, most suitably from 1 to about 3 carbon atoms, a phenyl group 
having 6 carbon atoms or an alkyl substituted aryl group having from 7 to about 20 carbon atoms, most 
suitably from 7 to about 11 carbon atoms, wherein the alkyl groups have from 1 to about 14 carbon atoms, 
most suitably from 1 to about 5 carbon atoms. Particularly suitable Tm tetrakis(dialkyiamides or dia- 
rylamides), include, for example, zirconium tetrakis(dimethylamide), zirconium tetrakis(diethylamide), zirco- 
nium tetrakis(diphenylamide), zirconium tetrakis(dl-n-propylamide), zirconium tetrakis(di-i-propylamide), haf- 
nium tetrakis(dimethylamide), hafnium tetrakis(diethylamide), hafnium tetrakis(diphenylamide), hafnium 
tetrakis(di-n-propyiamide), hafnium tetrakis(di-i-propyiamide), and any other combinations of alkyl- or 
arylamide groups limited only by the steric demands of the attached groups. 

Suitable support materials which can be employed herein include, for example, the anhydrous salts Df 
magnesium chloride, magnesium bromide, manganese dichloride, manganese dibromide, alumina, alu- 
minum phosphates, silica, titanium dioxide, combinations thereof and the like. 

Suitable metal containing reducing agents which can be employed herein include, for example, those 
represented by the formula AI(R Ja^Xn wherein each R is independently hydrogen or a hydrocarbyl group 
having from 1 to about 20, most suitably from 2 to about 5 carbon atoms; X is a halogen, preferably 
chlorine; and m has a value from 1 to 2. The term hydrocarbyl as employed herein includes, alkyl, 
cycloaikyl, aryl, aralkyl, alkaryi, aikenyl and the like. Particularly suitable reducing halides which can be 
employed herein as the reducing agent include, for example, ethylaluminum dichloride, diethylaluminum 
chloride, ethylaluminum sesquichloride, ethylboron dichloride, diethylboron chloride, diethylaluminum bro- 
mide, ethylaluminum dibromidq, with ethylaluminum dichloride being most preferred. Alternatively, a metal 
hallde such as aluminum trichloride can be employed in combination -with an alkyl aluminum halide or a 
trialkyl aluminum compound. Other reducing agents include magnesium alkyls. lithium aikyls, alkali metals, 
metal hydrides, zinc alkyls and aluminum alkyls. Suitable such reducing agents include lithium aluminum 
hydride, potassium hydride, methylllthium, butyllithium, sodium hydride, triisobutyl aluminum, trlmethyl 
aluminum, dimethyl magnesium, dimethyl zinc, combinations thereof and the like. 

Suitable cocatalyst or activators which can be employed herein include, for example, those aluminum, 
born, zinc or magnesium compounds represented by the formulas AlfRVa X a , B(R') 3 .aX 8 , Mg(R')2, Zn(R')2 
or combinations thereof wherein each r' is independently hydrogen or a hydrocarbyl group having from 1 
to about 20 carbon atoms, most suitably from 2 to 5 carbon atoms: X is a halogen, preferably chlorine; and 
a has a value from zero to 1. The term hydrocarbyl as employed herein includes, alkyl, cycloaikyl, aryl, 
aralkyl, alkaryi, aikenyl and the like. Particularly suitable cocatalysts or activators which can be employed 
include, for example, dibutylmagnesium, trimethylboron, triethylboron, diethyl zinc, diethylaluminum chlo- 
ride, trimethylaluminum, tri-i-propylaluminum, tri-i-butylalumlnum, most preferred is triethylaluminum, com- 
binations thereof and the like. 

When It Is desired that the transition metal component of the catalyst contain either or both of the 
aforementioned zirconium or hafnium compounds, they can be cosuppprted on the same support as the 
titanium compound or they can be Independently supported on separate supports and the independently 
supported and prepared catalysts subsequently blended to provide the desired atomic ratio of zirconium 
and/or hafnium to total transition metal eg. Ti + Zr + Hf. The cosupported transition metal compounds or 
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the mixture of independently supported transition metal compounds can then be reduce with * 
agent Cosupported mbctur s f transiti n metal compounds can be oren^ h !fw T ^ mg 

polymerization process or alternated, mtJZS^jZSl T^/T^ ,mmed,ate| V ». 
the catalyst preparation and the ££££SSi T^c Z£ Ts^elT " IT* "* 
•n the polymerization process depending on the reactivity erf L =.1 * * employ.ng the mixture 

desired, the supported reduced transition ZT^T^LhI 8mp,oyed - Mso - if 

the polymerization reactor swaraSv or i ^„^ P °' activator can be *> 

desirea. »» eoa»tat or^S«S 2 E^LT'T'T" " I"* 1 "**" «"". Also. H 

which do not destroy conventonal Zeoler cSaivS I s TJ ethylenically ""saturated monomers 
3 o aiiphatic o-monoolefins, particTfy eSl^ttos! ! 77 *" *• * 

percent of propylene, i^TLSS r-2£. * J*? «■ ^ 

similar alpha-olefin or diblefin based on total monomi ^ ethylpentene - 1 ' 1 ^octad.ene. 1 ,4-hexadiene or 

composition are combined, the resultant catLi "?uT£ .l! essartaJ components of the catalyst 
0.1 to 0.2 molar with respect to nST^SSS Eta LI ?2° M ' m ° St SUitably fr0m about 

be employed include for ZnteBoSS 9a "' C SUpPOrt Suitable inert di,uent s which can 

isomeric hLne?^^ n-hexane. the various 

cyclohexane. methylcyclohexane dwZtaStaS^? ? 9 ?"! ab ° Ut 8 t0 at>0Ut 12 carbon 
rated or aromatic Mrc^ '" dustrial «*«■• composed of satu- 

compounds and other impurities ZoS^^SS^' t *' eSp9Cia " y When ,ree of any olefin 
considered to be poisonT Tzlc^^L^^^T" "** ° r any other materia * 

emvlbenzene.cumeVd^n^I ,^ ^ 35 "T* di ' UentS are benZ9n * tol " a " a . 

Mixing of the catalyst components to provide the desired catalytic reaction . • 

carried out under an inert atmosDhere such « m^- oatalvt ' c reaction product is advantageously 
range of from about -IW'STSS S'oSS!) "^l™ T' 935 * te ^^e S in the 
mixing is not considered to J^^Ll^^tl^T I ? * ab0Ut 100 ' a The period * 
within about 1 minute or lea i of Ifnl VI ,1 f ° Und . that a sutteent composition most often occurs 

a period of at Z SnS££S"?7V. P>m * ^ mixtUre t0 a ° e a «" "**0 'or 
to about 1 week. rrZ EJS?t«£ S^JljL?!? m "* fr0m about 12 houre 

reaction product. It is not necessaT 1 ^ preparat, °" of the catalytic 

polymerization condi^mSl^ Under soiufl 9 , 

times of from about a f w s conds , s JTCiS?,KS ^ 
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employed. It Is generally desirable to carry out the polymerization in the absence of moisture and oxygen 
and a catalytic reaction product is generally within the range from about 0.0001 to about 0.1 millimoles in 
transition metal per liter of diluent It Is understood, however, that the most advantageous catalyst 
concentration will depend upon polymerization conditions such as temperatur , pressure, solvent and 

5 presence of catalyst poisons and that the foregoing range Is given to obtain maximum catalyst yi Ids in 
weight of polymer per unit weight of transition metal. Generally, in the polymerization process, a carrier is 
employed which can be an inert organic diluent or solvent or which can be excess monomer. In order to 
realize the full benefit of the high efficiency catalyst of the present invention, care must be taken to avoid 
oversaturation of the solvent with polymer. If such saturation occurs before the catalyst becomes depleted, 

io full efficiency is not realized. For best results, it is preferred that the amount of polymer in the carrier not 
exceed about 50 weight percent based on the total weight of the reaction mixture. 

It is understood that inert diluents employed in the polymerization recipe are suitable as defined 
hereinbefore. 

The polymerization pressures preferably employed are relatively low, e.g., from about 5 to 10,000 psig 
rs (0.034 - 68.9 MPa), preferably from about 50 to about 1000, (0,345 - 6.89 MPa), most preferably from about 
100 to about 700 psig (0.689 - 4.8 MPa). However, polymerization within the scope of the present invention 
can occur at pressures from atmospheric up to pressures determined by the capabilities of the polymeriza- 
tion equipment, which Include pressures up to about 50,000 psig (344.5 MPa). During polymerization it Is 
desirable to stir the polymerization recipe to obtain better temperature control and to maintain uniform 
20 polymerization mixtures throughout the polymerization zone. 

In order to optimize catalyst yields in the polymerization of ethylene in an inert solvent under solution 
conditions, It is preferable to maintain an ethylene concentration in the solvent in the range of from about 1 
to about 30 weight percent, most advantageously from about 12 to about 20 weight percent. To achieve 
this, when an excess of ethylene Is fed into the system, a portion of the ethylene can be vented. In other 
25 processes, it is preferred to conduct the polymerization in an excess of the alpha olefin being polymerized 
in order to optimize catalyst yields. 

Hydrogen can be employed in the practice of this invention to control the molecular weight of the 
resultant polymer. For the purpose of this invention, it is beneficial to employ hydrogen in concentrations 
ranging from about 0.001 to about 1 mole per mole of monomer. The larger amounts of hydrogen within 
30 this range are found to produce generally lower molecular weight polymers. It is understood that hydrogen 
can be added with a monomer stream to the polymerization vessel before, during or after addition of the 
monomer to the polymerization vessel, but during or before addition of the catalyst. 

The monomer or mixtures of monomers is contacted with the catalytic reaction product in any 
conventional manner, preferably by bringing the catalytic reaction product and monomer together with 
35 intimate agitation provided by suitable stirring or other means. Agitation can be continued during poly- 
merization, or in some instances, the mixture can be allowed to remain unstirred while the polymerization 
takes piacB. In the case of more rapid reactions with more active catalysts, means can be provided for 
refluxlng monomer and solvent, if any of the latter is present, in order to remove the heat of reaction. In any' 
event, adequate means should be provided for dissipating the exothermic heat of polymerization. If desired, 
40 the monomer can be brought in the vapor phase into contact with the catalytic reaction product, in the 
presence or absence of liquid material suitably from 0* C to about 300 *C, most suitably from about 130* C 
to about 250 # C. The polymerization can be effected In the batch manner, or in a continuous manner, such 
as, for example, by passing the reaction mixture through an elongated reaction tube which is contacted 
externally with suitable "heat exchange" media to maintain the desired reaction temperature, or by passing 
45 the reaction mixture through an equilibrium overflow reactor or a series of the same. 

The polymer is readily recovered from the polymerization mixture by driving off unreacted monomer 
and solvent if any is employed. No further removal of impurities is required. Thus, a significant advantage of 
the present invention is the elimination of the catalyst removal steps. In some instances, however, it may be 
desirable to add a small amount of a catalyst deactivating reagent of the type conventionally employed for 
so deactivating Ziegier catalysts. 

The catalyst compositions containing the zirconium and/or hafnium tetrakis(dialkyl- or diary (amides) do 
not polymerize the a-olefins or a-diolefins with sufficient activity to be employed as the only transition metal 
source in the catalyst compositions, therefore, they are employed in combination with the titanium tetrakis- 
(dialkylamides or diary lamides) so as to alter parameters, for example, such as melt index ratio of the resin, 
55 the density of the resin or the hydrogen reactivity of the catalyst. When the supported titanium tetrakis- 
(dialkylamldes or dlarylamides) are employed alone as the catalyst the resultant polymers have moderate 
melt index ratios of I10/I2 and hydrogen respons characteristic of titanium based transition metal catalysts 
typically employed in the conditions described herein of this invention. When it is desired that the polymer 
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Te TJZZ*** p . 0,ymers ^ higher mett index or « "Ssss: s p y 0 as 

The following examples are given to illustrate the invention and should not be construed as to b™,™ 
,* scope. All percentages are by weight and a,, parts are by molar or JolZT^l ottS 

determined by ASTM 0 1248-84. wnoraon n tor I, «, and the density values are 

PREPARATION OF ANHYDROUS MAGNESIUM DICHLORIDE 

To 21.16 ml of 0.709 molar dibutyl magnesium is added 78.84 ml of ISOPARTV f Anh„H,« 

PREPARATION OF TRANSITION METAL COMPLEXES 

The following practices and procedures are common to all preparative examples- 
on l^TeZr^^lll tV^T WWCh iS P3SSed thr0U9h 3 COlumn 0f reduced c ^mium 

35 

EXAMPLE 1 

40 A. Preparation of titanium tetrakis(dimethylamide). 
Stej (1) Preparation of lithium diethylamide. 

temp ratur for 1 hour to devolatifize xcess dimethylamine. WarmBd t0 ro ° m 



TO 
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Step (2) Preparation of titanium tetrakis(dimethylamide). 
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The same apparatus described in Step (1) is used in this procedure. The 250 ml pressure equalizing 
dropping funnel Is charged with 100 ml of toluene and titanium tetrachloride, 12.4 ml (0.112 mole). The 
solution is added dropwise to the magnetically stirred suspension of lithium diethylamide ov r the course 
of 0.5 hour at -20* C. A brown solution over Insoluble lithium salts is obtained which is refluxed 2 hours. All 
s volatiies are removed under vacuum at room temperature and the mixture is extracted twice with 200 ml 
portions of hexane. Solvent is distilled from the combined extracts giving a dark orange oil. Distillation of the 
oil (boiling point = 60 *C - 63* C / S> 0.025 mm Hg) gives the orange liquid titanium tetrakis(dimethyiamide) 
in 90% yield. 

TO 

B. Preparation of zirconium tetrakis(dimethylamide). 



Step (1) Preparation of lithium dimethylamide. 

TS 

The same method described in Example 1A is used to prepare lithium dimethylamide. 



Step (2)Preparation of zirconium tetrakis(dimethylamide). 

20 

The lithium dimethylamide, 0.5 mole, in 250 mi of diethyl ether is chilled in an acetone/dry ice bath to 
-78 *C. Zirconium tetrachloride, 26 g (0.112 mole), is transferred to a solid addition funnel attached to the 
1000 ml Schlenk then added over 30 minutes to the magnetically stirred lithium dimethylamide slurry. The 
mixture is warmed slowly to room temperature then refluxed 1 hour. All volatiies are removed under vacuum 
25 at room temperature and the remaining oily solid is extracted twice with 150 ml portions of hexane. The 
combined extracts are reduced in solvent volume then transferred to a 50 ml flask. Solid zirconium tetrakis- 
(dimethylamide) is distilled from the residue under reduced pressure (boiling point = 40* C to 60* C 'cD 
0.025 mm Hg) to give a white crystalline, low melting solid, 

30 

C. Preparation of hafnium tetrakis(dimethylamide). 



Step (1 ) Preparation of lithium dimethylamide. 

35 

The same method described in Example 1A is used to prepare lithium dimethylamide. 



Step (2) Preparation of hafnium tetrakis(dimethylamide). 

40 

The lithium dimethylamide, 0.5 mole, in 250 ml of diethyl ether is chilled In an acetone/dry ice bath to 
-78* C. Hafnium tetrachloride, 35.9 g (0.112 mole), is transferred to a solid addition funnel attached to the 
500 ml Schlenk then added over 30 minutes to the magnetically stirred lithium dimethylamide slurry. The 
mixture is warmed siowly to room temperature then refluxed 1 hour. All volatiies are removed under vacuum 
45 at room temperature and the remaining oily solid is extracted twice with 150 ml portions of hexane. The 
combined extracts are reduced in solvent volume then transferred to a 50 ml flask. Solid hafnium tetrakis- 
(dimethylamlde) Is distilled from the residue under reduced pressure (boiling point s 55 *C - 65 *C oD 
0.025 mm Hg) to give a very low melting, waxy, white solid. 

.50 

D. Preparation of titanium tetrakis(diethylamide) 



Step (1) Preparation of lithium diethylamide. 

To a 500 mi Schlenk is added 250 ml of diethylether which Is chilled in an acetone/dry ice bath to 
-78 *C. Next is added n-butyliithium, 0.300 mole of a 2.90 M solution in hexane, and th contents are 
allowed to warm to -20* C. Diethylamine, freshly distilled from calcium hydride, 35 ml (0.34 mole), Is added 
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via a 250 mJ pressure quaDzing dropping funnel over the course of 30 minutes while stirring th mixture at 
-20 C. The contents are warmed to room temperature for 1 hour. 



5 Step (2) Preparation titanium tetrakis(diphenylarnide). 

The same apparatus described in Step (1) of Example 1-D is used In this procedure. The 250 ml 
dropping funnei is charged with 50 ml of toluene and titanium tetrachloride, 7.7 ml (75 millimole), and added 
to the solution of lithium diethylamide which is chilled to -78* C over the course of 30 minutes. The mixture 
to is warmed to room temperature then refiuxed 2 hours. All volatiles are removed under vacuum and the 
residue is extracted twice with 100 ml portions of hexane. The combined extracts are reduced in solvent 
volume then transferred to a small scale distillation apparatus. The complex titanium tetrakis(diethylamide) 
is distilled from the mixture at 103* C - 105* C (0.025 mm Hg) to give approximately 8 g as an oranoe 
liquid. 

75 

E. Preparation of titanium tetrakis(dimethyiamide). 



20 Step (1 Preparation of lithium diphenyiamtde. 



To a 500 ml Schlenk equipped with a 250 ml pressure equalizing dropping funnel is added 250 ml of 
diethyl ether which is chilled to -78 "C in an acetone/dry ice bath. To this is added n-butyl lithium. 0.10 
mole of a 2.90 molar solution in hexane, followed by the addition of 16.923 g (0.10 mole) of diphenylamine 
25 dissolved in ether, 50 ml. The flask contents are stirred magnetically and maintained at -78 ' C during the 
addition of diphenylamine which requires 0.5 hour. The contents are warmed to room temperature for 2 
hours. 



30 Step (2) Preparation of titanium tetrakis(diphen ylamlde). 

— — — - — — — ■ % 

The same apparatus described in Step (1) of Example 1-E is used in this procedure. The 250 ml 
dropping funnel is charged with toluene, 50 ml, and titanium tetrachloride, 2.4 ml (0.022 mole). This is 
added dropwise to the flask containing lithium diphenylamide which is maintained at -20* C during the 
35 addition while stirring magnetically. Total addition time is 30 minutes. The mixture is warmed to room 
temperature and then refiuxed for 2 hours. All volatiles are removed under vacuum to give a deep red oily 
residue. Unreacted diphenylamine is sublimed from the oil under reduced pressure at 120* C to give a red 
solid. Extraction of the solid with hexane, 50 ml, followed by solvent volume reduction under vacuum then 
cooling to -30 C yields red crystals of titanium tetrakis(diphenylamide). 



40 



F. Preparation of titanium tetrakis(dipropylamide). 



<s Step (1 Preparation of lithium dipropylamide. 

A one liter Schlenk flask equipped with a 250 ml pressure equalizing dropping funnel and magnetic stir 
bar is charged with 500 ml of diethylether. The contents are chilled to -78* C in an acetone/dry ice bath and 
n-butyllithium, 0.250 mole of a 2.81 molar solution in hexane is next added. A solution containing 
so diprcpylamine, 38 ml, dissolved in 150 ml of ether is added dropwise to the n-butyllithium solution while the 
contents are stirred magnetically and allowed to slowly warm to room temperature. The contents are stirred 
overnight at room temperature to insure complete reaction. 



55 Step (2)Preparation of titanium tetrakls(dipropylamlde). 

The same apparatus described in Step (1) of Example 1-F is used in this procedure. The 250 ml 
dropping funnel is charged with toluene, 100 ml, and titanium tetrachloride, 10.7 g (0.0562 mole). This is 
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added dropwise to the flask containing lithium dipropylamide while stirring magnetically. Total addition 
times are typically 30 minutes. Th mixture is then refluxed for 1.5 hours. All volatiles are removed by 
distillation and under vacuum to giv a deeply colored brown, oily r sidue. The residu is extract d with 
hexane, 2 x 150 ml, and th extracts are combin d and solvent r moved under vacuum. The r maining oil 
5 is transferred to a small scale distillation apparatus. Vacuum distillation at 157* C and 0.05 mm Hg gave the 
product as an orange-brown liquid, titanium tetrakls(dipropylamide). 



G. Preparation of bis(diethylamide)titanium bis(dimethylamide). 

70 

Step (1 1) Preparation of dichlorotitanium bis(dimethylamide). 

The complex is prepared by the disproportionation reaction of titanium tetrakis(dimethylamide) with 
75 titanium tetrachloride in toluene. In a 250 ml Schlenk containing 75ml of toluene is added 0.43 ml (3.88 
millimole) of titanium tetrachloride and 0.95 g (3.88 mmole of titanium tetrakis(dimethylamide). The mixture 
is refluxed one hour to give a brown solution. All volatiles are removed under vacuum and the deep brown 
powder is washed twice with 25 ml portions of hexane followed by vacuum drying of the powder. The 
complex is transferred to a 500 ml Schlenk for the reaction described in Step (3) of Example 1-F. 

20 

Step (2) Preparation of lithium diethylamide. 

The complex is prepared as previously described in Step (1) of Example 1-D on a 12.25 mmole scale 
25 for subsequent reaction with dichlorotitanium bis(dlmethylamide). 



Step (3) Preparation of bis(diethylamide) titanium bis(dimethylamide). 

30 Dichlorotitanium bis(dimethylamide) Is dissolved in 100 ml of diethyl ether then cooled in an 
acetone/dry icebath to -20 "C. Lithium diethylamide, 12.25 mmole, is added dropwise via a pressure 
equalizing dropping funnel to the magnetically stirred mixture over 30 minutes. The mixture is slowly 
warmed to room temperature then refluxed 2 hours. All volatiles are removed under vacuum to give an 
orange-brown oil over lithium salts. The oil Is extracted with hexane (3 X 20 ml) and the combined extracts 

3S are transferred for distillation apparatus and the solvent is removed under vacuum. Distillation of the residue 
at 82* C to 86* C (0.025 mm Hg) gives the orange liquid bis(diethyiamlde)titanium bis(dimethylamide). 



EXAMPLE 2 CATALYST PREPARATION AND ACTIVATION 

40 ~ 

A. Preparation of Catalyst Premix Compositions. 

The catalyst is prepared by adding with stirring to a septum capped bottle of sufficient volume to 
45 contain the mixture the following components in the order listed. In this and ail subsequent examples unless 
otherwise indicated, the cocatalyst or activator is not added until just prior to addition to the polymerization 
reactor. The catalyst premix Is defined as the composition containing components A + B + C + D or 
B+A + C + D. This is indefinitely stable prior to activation with Mc or cocatalyst 

50 

1 . Titanium Tetrakis(dimethylamide) premix 

A) 279.2 ml MsCI 2 , 0.1816 M in Ms (support, Ms = Mg) 

B) 11 ml ISOPARTM E (diluent) 

55 C) 7.72 g 25 wt.% ethylaluminum dichloride (reducing agent, Mr = Al) 
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D) 0.853 g Ti(N(CH 3 )2)* (where Tm = Ti) 

Compon nts A + B + C are aged at least 24 hours. Components A+B+C + Dare aged at least 48 hours 
prior to adding Me. Calculated Mg/Tm/AI ratio (where Tm = Ti) = 4073/12. 

5 

2. Titanium Tetrakis(dimethylamide) premix 

A) 139.6 ml MsCfe. 0.1816 M In Ms (support. Ms = Mg) 
70 B) 2.8 ml ISOPARTM E (diluent) 

C) 5.793 g 25 wt% ethylaluminum dichloride (reducing agent. Mr = Al) 

D) 0.426 g Ti(N(CH 3 ) 2 ) 4 (where Tm = Ti) 

Components A + B + C are aged at least 24 hours. Components A + B + C + D are aged at least 48 hours 
75 pnor to adding Mc Calculated Mg/Tm/AI ratio (where Tm + TI) = 40/3/1 a 

3. Titanium Tetrakls(diethylamide) premix 



20 



A) 139.6 ml MsCfe. 0.1816 M in Ms (support, Ms = Mg) 

B) 0 ml ISOPARTM E (diluent) 

C) 7.724 g 25 wt% ethylaluminum dichloride (reducing agent Mr = Al) 

D) 0.640 g Ti(N(CH 3 ) 2 ), (where Tm = Ti) 



30 



35 



Components A + B + C are aged at least 24 hours. Components A+B + C + D are aged at least 48 hours 
prior to adding Mc. Calculated Mg/Tm/AI ratio (where Tm = Ti) = 40/3/24. 

4. Titanium Tetrakis(dipropylamide) premix 

A) 186.1 ml MsCI 2 . 0.1816 M in Ms (support. Ms = Mg) 

B) 0 ml ISOPARTM E - 

C) 10.298 g 25 wt% ethylaluminum dichloride (reducing agent. Mr = Al) 

D) 1.016 g Ti(N(CH 3 ) 2 )* 



Components A + B + C are aged at least 24 hours. Components A+B+C+D are aged at least 48 hours 
prior to adding Mc. Calculated Mg/Tm/AI ratio (where Tm = Ti) = 40/3/24. 

40 5. Titanium Tetrakis(diphenylamide) premix 

A) 45.6 ml MsCI 2 . 0.1816 M in Ms (support Ms » Mg) 

B) 0 ml ISOPARTM E ™ 

C) 3.627 g 26.6 wL% ethylaluminum dichloride (reducing agent) 
<s D) 0.457 g Ti(N(CH 3 »2> 

6. Titanium Tetrakis(dimethylamide) premix 

50 won A ] foc Q m ' ^ s f^f h y ,a,umlnum deride M solution(Stock solution = 186.1 ml of 0.182 M 

9 m if, eth * ,aIuminum dlch ^de, components are aged at least 24 hours.) (Ms = MgP 

n) i^ mi ISOPARTM E w 



55 
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D) 0.142 g Ti(N(CH 3 feH 

Components A + B + D are aged at least 48 hours prior to adding Mc. Calculated Mg/Tm/AI ratio (wher 
Tm = Ti) = 40/3/18. 



7. Zirconium Tetrakis(dimethylamide) premix 

A) 48.8 ml MsC^/ethylaluminum dichloride stock so!ution(Stock solution = 186.1 ml of 0.182 M 
MgCfe + 7.259 g of 26.6% ethylaluminum dichloride, components are aged at least 24 hours.) (Ms = Mg)~" 

B) 1.2 ml ISOPARTM E 
D) 0.170 g Zr(N(CH 3 ) 2 )4 

Components A+B + D are aged at least 48 hours prior to adding Mc. Calculated Mg/Tm/AI ratio (where 
Tm = Ti) = 40/3/18. 



8. Hafnium Tetrakis(dimethylamide) premix 

A) 48.8 mi MsCfe/ethylaluminum dichloride stock solution(Stock solution = 186.1 ml of 0.182 M 
MgCfe + 7.259 g of 26.6% ethylaluminum dichloride, components are aged at least 24 hours.) (Ms = Mgf~ 

B) 1 .2 ml ISOPARTM E 
D) 0.225 g Hf(N(CH 3 ) 2 ) f 

Components A + B + D are aged at least 48 hours prior to adding Mc. Calculated Mg/Tm/AI ratio (where 
Tm = TI) 40/3/18. 



9. Bis(diethylamide) Titanium Bis(dimethylamide) premix 

A) 1.1 ml ISOPARTM E 

B) 46.5 ml MsCI 2 0.1816 M (Ms = Mg) 

C) 1.815 g 26.6 wt.% ethylaluminum dichloride (reducing agent) 

D) 0.178 g Ti(N(CH 3 )2>2(N(C2H5)2)2 

Components A + B + C are aged at least 24 hours prior to adding D. Components A+B + C + D are aged 
at least 24 hours prior to activation with Mc. Calculated Mg/Tm/AI ration (where Tm = Ti) = 40/3/18. 



B. Preparation and Activation of Catalyst Compositions 

The catalyst is activated by adding under nitrogen to a 4-ounce serum bottle the following components 
in any order with the exception of Mc which is added iast The cocatalyst or activator Is added just prior to 
addition to the polymerization reactor. 

1. Single Transition Metal Component Catalysts 

A) 44.9 ml ISOPARTM E (diluent) 

B) 3.6 ml premix catalyst (Examples A1-A8) 

C) 1.5 ml 0.12 M triethylaluminum (MC « Al) 

The final ratio for Tm/Mc = 3/12 (where Tm » Ti, Zr, Hf and Mc * Al of triethylaluminum). 



2. Mixed Transition Metal Component Catalysts 
A) 45.2 ISOPARTW E 
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B) (3.6)x ml titanium tetraWs(dimothylamide) (Example 2A6) 

C) (3.6)y ml zirconium tetrakis(rfimethylamide) (Example 2A7) 

D) (3.6)2 ml hafnium tetraWs(dimethyfamlde) (Example 2A8) 

E) 1.2 ml 0.12 M triethylaluminum (Mc = Al) 

5 

The final ratio for Tm/Mc = 3/9.6 (where Tm = the sum of Ti/Zr/Hf for a composition containing a 
Mg/Tm ratio of 40/3 and Mc = A! of triethylaluminum). X. y and z are the normalized Tm ratioes where x + 
y + z = 1. All activated catalyst compositions are prepared to give a final Tm concentration of 
approximately 0.9 umole/ml. 

70 

EXAMPLE 3 POLYMERIZATION 

The method described for the polymerization reaction is used in all examples described in Table I. A 
ts stirred, one gallon (3.79 liter) batch reactor containing two liters of Isopar E and optionally a comonomer is 
heated to the desired polymerization temperature and the solvent vapor pressure recorded. To this amount 
of hydrogen is optionally added which is recorded as the differential pressure drop from a 75 ml 
pressurized tank. The reactor is pressurized with ethylene to give the final desired reactor pressure which is 
approximately 450 psi (3.10 MPa). An amount of catalyst adjusted to produce a maximum ethylene 
20 consumption of approximately 120 g as measured by a mass flow meter over a 10 minute (600 s) reaction 
time is injected into the reactor. Ethylene reactor pressure is maintained at a constant level by a demand 
feed regulator to replace the ethylene consumed by the polymerization reaction. The total reaction time is 
10 minutes (600 s). The results are given In Table I. 



30 



35 



45 



SO: 



12 



EP0 320 169 A2 



S3* 



O I o o 
I O I o I o 



p o . 0 

Si 



70 



75 



20 



25 



30 



35 




I in I in I in 



in in | m I tn 
I co I cd Icq \t+ 




I in | in I in 
I fri I m I m 



I in I tn I m in 
| ^ lm It 
m m m 



u 

ffl 



c c 

Op 
,« 81 



I 

H 9 I A 



0 i a 

C G 

© I o 

O 1 o 

o o 



I QO 

S ft *** 

H W o M 



s 

I 



T 

1 < 
- ■ 



ca 
I 



i 



'2 

! < 

, r 



ca 

j 



I 



< ! ' 
lit 

CM fU 



.HIM 



M H 



Cw I I I II 

3 ^ |h |h Ih Ih |h 



■ 



>> I >v I > 



m 
B 



'5 

ai 



J] 



i5 

ai 



!J J3 



40 



45 



is0 



ill 



I 



. x I x I * 
[U I U |U 



x I x | x j X 
W U bj U 



O IO 

o I o 



in | m 



in 



in | m 

ST 

m I n-> 



fl I c 

« I V 
© lo 



in 



S3 



eg | (M 



s ha 



fin 
I 



Q | DO I Cm I a 



£ M 



fl) 



in 



*J C 

c © 
► o 

C 85 

o c 
u 

3 O 
O 

* a> 
•fl fl 

c 

rH B 

* w 

m a 
a) »d 

fl ^ 

10 O 
G 

O H 



ii a 

m 



so 



55 



13 



EP 0 320 169 A2 



70 



75 



20 



25 



30 



35 



C 



c 

o 



s 



s 



to o 
I© jo 



Q 



2 I© 
o o 



o 



o |o lo 



o - 

OS 



• 



I in m 
Ico las 



Jin 
oo 



I in I in 
I eo 



ho 



in o fin 
cm in I eo 

l OJ — I — 




in 
I m 



I in (in 



in 
rn 



in 
m 



m [in . 
* lo 



o 
o 



in 

CO 



o 



2a, 

I- 

a 



o I a) 

c I c 

a I o 

O I O 



c 

o 

lo 



a) I a 

c ] c 

a I a 

O o 



c 

e 

, a 
o 



a 
c 
a 

f 

, o 
o 



c c I c 

O V 9 

o I o 
o |o 



3 



2. 
H I DO 

^ tt ^ H 
J< < 

HW Om 
OPUHO 



I 

If- 

, t 
CM 



rvi 



N 1 



a? 



w 



K 
U 



www 

G | CQ I PQ 

I 



I 

Mill 
rg |n |rg 



X | H \ H 
W I W I W 



l-c Lc 

H B 



01 
fl 



>* I >, 

[ «*J I JJ 
« | « 

a b 



H 



>» 

I «Q 

« 
5 



H H 

!k Sk S 

js La I j3 



0) I <u 

• I B 




l 



K 

w 



* 

U I K 

w 



w ltd 



at • 

=> o 



* 

o 



CO 



c 

0) 

a 
o 



i 

en 
< 
I 



N 

P) 

O 

r-l 

a 

, 9 

e 

o 
> o 



C C7 

<u e 
3 a 

I O 4J 

J» « 

|*> X3 
O 0) 

e 

H s 

a a> 
bi 

M 0) 

|c jj 
|m o 

|4J 



M O 



50 



55 



14 



EP 0 320 169 A2 



70 



T6 



20 



25 



30 



35 



40 



45 



O 



2 



50 



2 

U 

Q 



M 



9»S 

* OS 



s 



s2 



so! 

Shi 
3 



N to 

w 
w i ft 

tfii 



on 
cm 



ox 

CM 



m 



00 
CM 



as 



CM 



m 
cm 



ox 

CM 
CM 

a* 



fSi 
ON 



cm 



CM 
in 



00 
03 



o 

at 



o 



cm 



CM 
ax 



in 
CM 



CM 
<0 
CM 
ON 



ON 



€0 
CD 

<M 



CM 



CM 



CM 



O 

CO 



in 



o 
o 

m 



© 



o 

Q 



m 



o 



a 
o 



o 
o 

m 



o 
o 



o 

o 

pa 



o 



a. 

I 

c « 
0 

c 
c o 



CM 

cn 
v. 
o 



CM 



fM 



m 

O 



CM 
CM 

cn 
o 



CM 
*-* 
S 
CM 



CM 
CO 

cn 
o 



CM 
OQ 



CM 
CO 

m 
o 



CM 



CM 



ru 

CM 



CM 



W3 



CM 



CO 



eg 

a) e 

u m 
b 

9 0 

a ^ 

a) a> 



0 « 



CM 
O 
CM 



CM 



CO 



00 
O* 



a 
in 



o 



in 



H 8 

a 

C8 -J 

e «h> 

CO 0 

e 

0 II 



B 
t 



55 



15 



EP0 320 169 A2 



M 



a I cm 



/5 



20 



m I m I o 
S Ijr Lr 

1*1 - 



M 



in on 
I on I <m 
• I « 



30 



35 



40 



45 



•o 

0) 

c 

c 

o 



S3 



O O 
J " I • 
ON I ON 



s5a 



CM 



get 
s 



mm 
I • I • 

ON I ON 

v, !>». 
p o 



>* to 

td a* 
>-» l I 

U MH 

W M 



1 n 



so 



a I cm |CM 
. On 

o o 



O I ON lOO 

on | m 1 



CM 



ho It*- 



UN 



O | O | o 

f 

o> I On I o> 



m I 

|<M 

5 IMP 
o 



CM 



m l in I m 

On I 0* I On 

s K 
co Icq 

f^i I I n^i 
a I o I o 



cm l w 



q I jt I cm I o I m j 
cm I m I cm I on I co 
<v I cm I cm I in I r- 

ON | ON |ON I ON I ON I 

. • I • 

a la I o |o 



^ ft^lin It- 

i • I • I • I « i 



— 1^1*- 



m 

I co 
■cm 



O IO 

SO ] \jD 
• I • 

O [ O (CM 



o o p o 

ON I ON I On I ON 



~ I cn 



IP | s 
|o|a 



in ] in I in I m 



o 

N 
* 

O . 

ON | <-< 

a 
B 

<S 

e 

C- O 
O I O 

1 > o 
ml 

e a 

a> c 



ON J ON 

00 



ON [ 0> 

co |oo 



— I O JJ 

M*' -o 



f^> I c*\ I ^ I I • • L 



a I a 



O I o 



I in 



ON | vO 

Ion Lt 



o cj 
let) -4 

fee 

■ o 

X 4) 
lOJ'O 

§1 

o 11 

c 



W I J- I 3 I P* I II o 



55 

EXAMPLE 4 



16 



BP 0 320 169 A2 



A. Preparation of Catalyst 

The following components are blended and added in the order listed. 
1. 1.1 cc of ISOPARTM E diluent 
5 2. 46.5 cc of 0.1816 MgCb support 

3. 0.192 of (25 wt.% Al solution) of Ethyl aluminum dichloride (EADC) reducing agent 

4. 0.142 g of TI(NR 2 )4 where R = methyl 

5. 1.5 cc of 0,12 M triethylaluminum (cocataiyst or activator) 

to The .atomic ratio of Mg/Tm/AI is 40/3/12 where the amount of aluminum does not include that 
contributed by the cocataiyst. The mixture containing the MgCfe and EADC is aged 24 hours prior to adding 
the Ti(NR 2 )*. The catalyst is aged 24 hours after adding the Ti(NR 2 )i before mixing with the cocataiyst. 



ts B. Polymerization 

The polymerization is conducted as described in Example 3. The amount of octene employed is 300 
ml, the amount of hydrogen Is that which produces a AP of 100 psi (689.48 kPa) in a 75 ml pressure 
. vessel. The polymerization is conducted at a temperature of 185* C. 
20 The results of the polymerization is given in Table II. 



COMPARATIVE EXPERIMENT A 



A. Preparation of Catalyst 

The following components are blended and added in the order listed. 
1. 1.1 cc of ISOPARTM E diluent 
30 2. 46.5 cc of 0.1816 M MgCI 2 support . 

3. 0.142 g of Ti(NR 2 )4 where R = methyl 

4. 0.192 g of (25 wt.% Al solution) of Ethyl aluminum dichloride (EADC) reducing agent 

5. 1 .5 cc of 0.1 2 M triethylaluminum (cocataiyst or activator) 

35 The atomic ratio of Mg/Ti/AI is 40/3/12 where the amount of aluminum does not include the cocataiyst. 
The mixture containing the MgCI 2 and Ti(NR 2 )4 is aged 24 hours prior to adding the EADC . The catalyst is 
aged 24 hours after adding the EADC before mixing with the cocataiyst 



40 B. Polymerization 

The polymerization is conducted in the same manner as in Example 4. 
The results of the polymerization are given in Table II. 
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TABL2 II 



Run 
No. 


Catalyst 
Employed 


Ef f ioiency 
gP/gTl 


1* 


Ex. 4 


227,000 




Comp, 
Expt. A 


172,000 




Ex. 4. ; 


260,000 




Comp % 
Expt. A 


192,000 



Not an example of the present 
invention. 



• The polymerization is conducted 
2q hours arter mixing of the 
catalyst with the cocatalyst. 

b The polymerization is conducted 
48 hours after mixing of the 
catalyst with the cocatalyst. 



Claims 

1. A supported catalyst which comprises the product resulting from mixing in a suitable inert diluent or 
solvent the following components A, B, and C: 

(A) an inorganic support; 

(B) a metal-containing reducing agent and 

(C) a transition metal compound selected from the group consisting of a titanium tetrakis(dialkylamide) or 
titanium tetrakis(dlarylamidB) or a combination thereof; 

the components are employed in quantities which provide an atomic ratio of Ms:Tm of from 2:1 to 160:1; an 
atomic ratio of Mr.Tm of from 1:1 to 64:1; and wherein Ms represents the metal atoms in the support 
material, Mr represents, the metal atoms In the reducing agent and Tm represents the sum of the transition 
metal atoms in the transition metal component 

2. A supported catalyst of Claim 1 wherein the components are employed in quantities which provide 
an atomic ratio of Ms:Tm of from 8:1 to 80:1 and an atomic ratio of Mr:Tm of from 2:1 to 32:1. 

3. A supported catalyst of Claim 2 wherein the components are employed in quantities which provide 
an atomic ratio of Ms:Tm of from 11:1 to 40:1 and an atomic ratio of MnTm of from 4:1 to 16:1. 

4. A supported catalyst of any one of the preceding claims wherein 

(a) component (A) is a magnesium dlhalide; 

(b) component (B) is a compound represented by the formulas AI(R') 3 ^X m and BfXfe^X™ wherein 
each R is independently hydrogen or a hydrocarbyl group having from 1 to 20 carbon atoms; X is a 
halogen; and m has a value of 1 to 2; 

(c) component (C) is a compound represented by the formula Ti(NR2)i wherein each R is indepen- 
dently an alkyl group having from 1 to 4 carbon atoms, a benzyl group, an alkyl substituted benzyl group 
wherein each alkyl group has from 1 to 4 carbon atoms, a phenyl group, or an alkyl substituted aryl group 
having from 7 to 20 carton atoms, wherein the alkyl groups have from 1 to 4 carbon atoms. 

5. A supported catalyst of Claim 4 wherein 

(a) component (A) is magnesium dichloride; 

(b) component (B) Is ethylaiuminum dichloride, diethylaluminum chloride, ethylaluminum sesquich- 
loride, triethylboron, diethylboron chloride, diethylaluminum bromide, ethylaluminum dlbromide, 
triethylaluminum, trimethyialuminum, triisobutylaluminum, lithium aluminum hydride, potassium hydride, 
sodium hydride, methyllilhium or butylllthium r any combination ther of; and 
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(c) component (C) is titanium tetrakis(dimethylamide, titanium tetrakis(diethylamide), titanium tetrakis- 
(di-i-pr pylamide), titanium tetrakis(di«n- propylamide), titanium tetrakis(di-i-butylarnide), titanium tetrakis(di- 
n-butylamide), titanium tetraWs(diphenylamide). titanium tetrakis(dlb nzylamid ), titanium bis(diethylamide) 
bis(dimethylamide) or i-propylamid titanium tris(dimethylamide), or any combination thereof. 

6. A supported catalyst of any one of the preceding claims wherein the transition metal component (C) 
additionally contains at least one zirconium or hafnium compound selected from a zirconium tetrakis- 
(dialkylamide), a zirconium tetrakis(diarylamide), a hafnium tetrakis(dialkylamide), a hafnium tetrakis- 
(diarylamide), or any combination thereof; wherein the atomic ratio of (Zr + Hf) to (Tl + Zr + Hf) is from >0:1 
to 0.9:1. 

7. A supported catalyst of Claim 6 wherein 

(a) the zirconium compound is represented by the formula Zr(NR 2 )* wherein each R is independently 
an alkyl group having from 1 to 4 carbon atoms, a benzyl group, an alkyl substituted benzyl group wherein 
each alkyl group has from 1 to 4 carbon atoms, a phenyl group, or an alkyl substituted aryl group having 
from 7 to 20 carbon atoms, wherein the alkyl groups have from 1 to 4 carbon atoms; 

(b) the hafnium compound is represented by the formula Hf(NR 2 )* wherein each R is independently 
an alkyl group having from 1 to 4 carbon atoms, a benzyl group, an alkyl substituted benzyl group wherein 
each alkyl group has from 1 to 4 carbon atoms, a phenyl group, or an alkyl substituted aryl group having 
from 7 to 20 carbon atoms, wherein the alkyl groups have from 1 to 4 carbon atoms; and 

(c) the atomic ratio of (Zr + Hf) to (Ti + Zr + Hf) is from >0:1 to 0.8:1 . 

8. A supported catalyst of Claim 7 wherein 

(a) the zirconium compound is zirconium tetrakis(dimethylamide), zirconium tstrakis(diethyiamide), 
zirconium tetrakis(di-i-propylamide), zirconium tetraJds(di-n-propylamide), zirconium tetrakls(di-l-butylamlde), 
zirconium tetrakis(dl-n-butylamlde), zirconium tetrakis(diphenylamide), zirconium bis(diethylamide) bis- 
(dimethylamide) or i-propylamid.e zirconium trisfdlmethylamlde), or any combination thereof; 

(b) the hafnium compound is hafnium tetrakis(dimethylamide). hafnium tetrakis(diethylamide), hafnium 
tetrakisfdi-i-propylamide), hafnium tetrakis(di-n-propylamide), hafnium tetrakis(dH-butylamide), hafnium 
tetrakis(di-n-butylamide). hafnium tetrakis(diphenylamlde), hafnium tetrakis(dibenzylamide), hafnium bis-' 
(diethylamide) bis(dimethylamide) or i-propylamide hafnium tris{dimethylamide), or any combination thereof; 
and 

(c) the atomic ratio of (Zr + Hf) to (Ti + Zr + Hf) is from >0:1 to 0.7:1 . 

9. A process for polymerizing one or more a-olefins or a mixture of one or more a-olefins and one or 
more polymerizable ethylenically unsaturated monomers which process comprises conducting the poly- 
merization under solution conditions in the presence of 

(I) a supported catalyst of any one of the preceding claims; and 

(II) a cocatalyst or activator compound. 

10. A process according to Claim 9 wherein said cocatalyst or activator Is diethylaluminum chloride, 
trimethylaluminum, tri-i-propylaluminum, tri-i-butylaluminum, triethylaluminum or any combination thereof. 

11. A process of Claim 9 or Claim 10 wherein ethylene or a mixture of ethylene and at least one a- 
olefin having from 3 to 10 carbon atoms is polymerized. 

12. A process of Claim 11 wherein ethylene or a mixture of ethylene and at least one <*-olefin selected 
from the group consisting of propylene, butene-1, pentene-1, 3-methylbutene-1 , . 4-methyl-pentene-l. 
hexene-1, and octene-1 is polymerized. 
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